Background: Imatinib is considered to be the first-line therapy for patients with unresectable and/or metastatic gastrointestinal stromal cell
Introduction
Gastrointestial stromal cell tumor (GIST) is the most common mesenchymal tumor of the gastrointestinal tract. The prevalence is 7-15/100 000, and about 50% are localized at the time of diagnosis [1, 2] . GISTs are resistant to conventional chemotherapy and radiation and the risk of localized peritoneal or metastatic relapse after tumor resection is high [3] [4] [5] [6] All GISTs should be considered as potentially malignant; the standard treatment is complete tumor resection with negative tumor margins [7] . However, in many cases surgery alone is not curative. One in two patients with GIST will relapse after complete tumor resection, underlining the need for adjuvant medical treatment [5] .
Mutations of the KIT proto-oncogene are central in the pathogenesis of GIST and the tumors are most often characterized by strong immunoreactivity to the KIT protein, the CD117 antigen [8] [9] [10] . The introduction of inhibitors of KIT tyrosine kinase has resulted in significantly improved outcomes of patient with advanced GIST. Imatinib mesylate is the tyrosine kinase blocker approved as the first-line treatment for patients with unresectable and/or metastatic GIST and for adjuvant treatment of patients with a significant risk of relapse [11] [12] [13] . Neoadjuvant (also called downstaging) treatment with imatinib may permit organ preservation and admit the possibility of radical margins of nonresectable GIST [14, 15] . Adjuvant treatment offers improvement in progression-free survival [13] . In addition, subsets of patients are treated with imatinib in a palliative or recurrent disease setting. Since the outcome seems to be improved by an extended treatment period, patients with a high risk of GIST relapse will be treated with imatinib for many years.
Although the medication is generally well tolerated, virtually all patients will have at least one adverse event [16] . Doubling the dosage of imatinib from the standard level (400 mg daily) to a high dose (400 mg twice daily) increases the incidence of severe adverse events [13, 17] . However, no correlation could be seen between imatinib plasma trough level and previous grade 3 to 4 toxicity in patients taken a standard dose of 400 mg daily, but there was a significant correlation to plasma albumin and creatinine clearance [18] . Low plasma concentrations of imatinib have been associated with a shortened time to disease progression [19] . Determination of the plasma concentration of imatinib is still not used routinely in clinical practice and the only practical guideline for interpreting the concentration is the recommendation to keep it above 1,100 ng/mL. Adverse effects may reduce the patient's adherence to treatment; discontinuation of imatinib treatment has been reported to result in rapid tumor progression in patients with advanced GIST [20] .
The aim of this study was to evaluate the occurrence and the prognostic significance of side-effects from imatinib treatment. For this purpose a single-center cohort of GIST patients was retrospectively reviewed concerning tumor characteristics, treatment and side effects, in relation to disease recurrence and survival during follow-up. formula: (140-age)*(weight/ creatinine)*(1.23 in men or 1.04 in women). Eight patients had no available recorded weight before initiation of imatinib treatment but all of them had creatinine within normal range (Table 1 ). The history of moderate to severe or life-threatening side-effects were classified according to Common Terminology Criteria for Adverse Events v4.0 (CTCAE) by which side effects are classified as grade 1 (mild), grade 2 (moderate), grade 3 (severe), grade 4 (life threatening) or grade 5 (death related to adverse effects). All patients were followed-up routinely for tumor recurrence by means of abdominal cross-sectional imaging (computed tomography, MRI or 18 Fluorodeoxyglucose positron emmision tomography). Tumor response was evaluated by FDG-PET (11 cases in the neoadjuvant group) and/or contrast-enhanced computed tomography (n=75) and histopathological examination of the excised tumor (n=75). Followup was defined as time from initiation of imatinib treatment to last documentation of state [no evidence of disease (NED), evidence of disease (ED) or death].
Statistics
Statistical analysis was performed with the PASW for Windows statistical package (18.0; PASW Inc., Chicago, IL). Recurrence-free survival was measured from the start of imatinib treatment to the time of first recurrence or most recent follow-up or death, tested with the log rank test and plotted by the Kaplan-Meier method. Pearson's Chi-square test was used to compare the distribution of patient and tumor characteristics between groups; P<0.05 was considered to be statistically significant.
Results

Imatinib treatment and side effects
The median follow-up time from the initiation of imatinib treatment until the last examination or death was 48 months (4-107; Table 1 ). Moderate to severe or life-threatening toxic reactions from imatinib treatment were registered in 30/75 patients (17/34 , Table 2 , Supplemental Table A ). There was no statistically significant difference in the prevalence of side-effects between patients with or without metastatic disease (P=0.78), or between different groups of treatment settings (P=0.44, Figure 1 ), neither did we find any differences in relation to gender distribution (P=0.11) or to age at the initiation of imatinib treatment (P=0.45) ( Figure 1 , Table 2 ). Life-threatening complications occurred in two cases treated for metastatic GIST (Table 2 ). In Case no 29 the imatinib treatment was discontinued following development of agranulocytosis and sepsis. Case no 19 developed tumor perforation and was operated acutely, without interruption of imatinib treatment. In the other 28 patients, the most common side-effects were dermatitis/rash (n=15), gastrointestinal (9), edema (7), and muscle cramps (4). Fatigue was observed twice, and in addition several other side effects were noted in single patients.
Most of the side-effects occurred early, 18/30 within the first month of imatinib treatment. In 9 cases (Case number 5-8, 10, 12, 14, 29 and 30, Table 2), the imatinib treatment was interrupted within 3 months because of one or more of the following side-effects: agranulocytosis with sepsis (n=1), dermatitis, rash (6), pruritus (2), edema (2), nausea, diarrhea (3), myalgia and muscle cramps (1). # NeAd = Neoadjuvant; Ad = adjuvant; Rec = recurrent disease; Pal = palliative; nd = not determined / no data available ¤ after (downstaging) treatment with imatinib, ¤¤ size based on x-ray.
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Association between side effects and favorable outcome The presence of side-effects was found to be associated with a favorable recurrence-free survival for the group of patients with metastatic or recurrent GIST (log rank test; P = 0.01, Figure 2 ). No such differences were observed in the group of patients with localized disease, where the number of events was few (Supplemental Figure S1 ). The presence of side-effects was not found to be associated with differences in age, body weight, plasma albumin or creatinine clearance but there was a tendency to female dominance in the group of patients with metastatic or recurrent GIST (P=0.078), and female patients had a favorable recurrence-free survival (P =0.01, Figure 3 ). No differences in survival between men and women were found in the group of patients with localized disease (Supplemental Figure S2 ).
Discussion
The introduction of imatinib and other tyrosine kinase inhibitors has dramatically improved the prognosis for patients with high risk GIST. The treatment is generally considered to be well tolerated. However, recently attention has been drawn to a relatively high incidence of adverse events that may reduce the patient's adherence to and the clinical effectiveness of the imatinib treatment. It is important to be aware of the prevalence of side-effects and to offer supportive care to avoid interruption of treatment [16] . The objective of this retrospective study was to analyze the occurrence of moderate to severe or life-threatening side-effects and clinical outcome. Since some form of mild adverse event (i.e. grade 1) was reported in almost every case, we chose to limit our analysis to moderate-tosevere or life-threatening side-effects (grade 2 or higher), defined in accordance with the Common Terminology Criteria for Adverse Events v4.0 (CTCAE). Forty percent of our patients complained of significant side-effects. For patients with metastatic or recurrent GIST, the presence of moderate to severe or life-threatening side-effects was associated with favorable recurrence-free survival. No such association was found for patients with localized GIST; however, for this group the strength of the analyses was limited by a relatively short follow-up time and few events. The main weakness of this study is the lack of knowledge of the actual plasma concentration of imatinib. In GIST, higher exposure to imatinib has been found to predict a higher probability of therapeutic response, besides being correlated to the occurrence and number of side-effects [22] . However, determination of the plasma concentration of imatinib is still not used routinely in clinical practice and there are no practical guidelines for interpreting the concentration. A plasma concentration below 1,100 ng/mL has been associated with short time to disease progression in patients with unresectable/metastatic GIST [19] . The inter-patient variability in imatinib pharmacokinetics seems to be significant, and the trough level (C min ) has been significantly associated with albumin concentration, creatinine clearance and major gastrectomi but not to previous grades 3 to 4 toxicity in patients taken a standard dose of 400 mg daily [18] . Except for patients with KIT exon 9 mutations, 400 mg daily is the standard dose for treatment of high-risk GIST regardless of the patient's gender, age or body mass. A higher than standard dosage of imatinib has been associated with more severe sideeffects [17] . However, Blanke et al; reported no significant difference in objective response for patients treated with high dose imatinib but, similar to our findings, a favorable outcome for female patients. The observations of side effects and treatment response in GIST patients may be compared to similar studies in chronic myeloid leukemi (CML) for which imatinib treatment is the golden standard [23] . In CML, increased plasma concentrations of imatinib have been associated with a higher rate of complete molecular response [24] . In addition the plasma concentration was found associated with certain side effects [24] . Overall, slightly higher plasma concentrations were recorded in female compared to male patients [24] . Adherence to medication is another factor contributing to reduced treatment response and event free survival in CML [25, 26] . In a study of pharmacy records for 4,043 patients reduced adherence to imatinib treatment was observed in CML as well as GIST patients [23, 27] . While it is well established that patients with advanced GIST benefit from imatinib treatment, knowledge of how to optimize the dosage to obtain maximal effectiveness with a minimum of side-effects is limited. In this study we show that significant side effects from imatinib treatment are common and associated with a better outcome. This association likely reflects different plasma concentrations of imatinib. However, the lack of an association between body weight or BMI, plasma albumin or creatinine clearance and occurrence of side effects would argue against a simple dilution effect. Instead variations between patients related to factors such as adherence, drug absorption, pharmacokinetics and cellular uptake are expected to be of importance. Logically, the next step should be to perform a prospective follow-up study including plasma concentrations of imatinib and the main imatinib metabolites. Methods for the measurement of imatinib in plasma are currently not widely available for clinical practice. However, for the future, such methods are needed in order to evaluate how the plasma concentration of imatinib affects the event free survival and allow individualized tailoring of the dose to optimize outcome and minimize side-effects. Meanwhile our findings could be used in clinical practice in further supporting patients continued compliance to the medication when side effects are present. At the same time the patients have to be offered a close follow-up and proper management of side effects.
